Objectives: To describe blood lead (Pb-B), cadmium (Cd-B) and mercury (Hg-B) levels in children living in urban, industrial and rural areas in Fez city (north of Morocco) and to identify the determinants and some renal effects of exposure. Material and Methods: The study was conducted from June 2007 to January 2008 in 209 school children (113 girls, 96 boys), aged 6-12 years, from urban, industrial and rural areas in Fez city. Interview and questionnaires data were obtained. Blood and urinary samples were analyzed. Results: The mean of blood lead levels (Pb-B) in our population was 55.53 μg/l (range: 7.5-231.1 μg/l). Children from the urban area had higher blood lead levels (BLLs) mean (82.36 μg/l) than children from industrial and rural areas (48.23 and 35.99 μg/l, respectively); with no significant difference between boys and girls. BLLs were associated with traffic intensity, passive smoking and infancy in the urban area. The mean of blood cadmium levels (BCLs) was 0.22 μg/l (range: 0.06-0.68 μg/l), with no difference between various areas. Rural boys had higher BCLs mean than rural girls, but no gender influence was noticed in the other areas. BCLs were associated with the number of cigarettes smoked at children's homes. The blood mercury levels (BMLs) mean was 0.49 μg/l (range: 0.01-5.31 μg/l). The BMLs mean was higher in urban and industrial areas than in the rural area with no gender-related difference. BMLs were associated with amalgam fillings and infancy in the urban area. About 8% of the children had BLLs ≥ 100 μg/l particularly in the urban area, microalbuminuria and a decrease in height were noticed in girls from the inner city of Fez and that can be related to high BLLs (89.45 μg/l). Conclusions: There is a need to control and regulate potential sources of contamination by these trace elements in children; particularly for lead.
INTRODUCTION
Heavy metal pollution has become a serious health concern in recent years. Lead (Pb), cadmium (Cd) and mercury (Hg) are the most studied toxic heavy metals. Continuous exposure to low levels of these toxic trace elements may result in bioaccumulation and cause a wide variety of biological effects on human beings depending upon the level and the duration of exposure [1, 2] . The margin is small between the level of exposure and toxic effects. Therefore, for risk assessment and management and for follow-up of time trends, there is a need for adequate information on exposure and health effects. For the toxic metals Pb, Cd and Hg, their concentrations in blood are relevant biomarkers of exposure, though the demands on analytical quality are high [3, 4] . The environmental situation in the city of Fez (north of Morocco; Figure 1 ) is very disturbing, especially since it is a big city with heavy traffic where lead is just limited, but still used in gasoline [5] . Fez city is also the 2nd most industrial city in Morocco (after Casablanca city), but the majority of industrial areas are located close to residential areas; as is the case of industrial area of Sidi Brahim that houses many polluting industries: mechanical, electrical, metallic, foundries, building materials, ceramics, glass, wool and leather [6] . These industries are usually highly charged with heavy metals and releasing particularly lead and cadmium [7, 8] . The general population is exposed to Pb mainly from petrol, active or passive smoking, industrial emissions, paint and ceramics [9, 10] . Cigarettes smoke is the main source of exposure to cadmium, although there are other such as contaminated water, foods enriched with this metal like shellfish, dairy products and meat (especially liver and kidneys), foods improperly stored in containers, which contain cadmium, and the inhalation of polluted air from foundries or incinerations [11] . Environmental exposure to mercury (Hg) comes mainly from fish intake and dental amalgam fillings [4] . 
Questionnaire
A questionnaire containing a written description of the study was sent to 500 families. Two hundred and fifty of them agreed to give blood samples, and we were able to take samples from 209 children (113 girls, 96 boys). Firstly, a pediatrician performed an examination of the child health state, and then a nurse measured arterial blood pressure, glycemia and anthropometric data before qualifying a child to the study. Most of the questions had predefined answers (categorical), while some were numerical (number of meals, amalgams, etc.). Information on demographic and socioeconomic characteristics of the families and individual factors of potential concern for Pb, Cd and Hg exposure was obtained through 2 sources: a questionnaire addressed to the parents, and an interview/examination of the child. From the parents' questionnaire, the following information was obtained: -parental education level (basic, middle, high), parental occupational exposure to the studied trace elements (Pb, Cd, Hg: yes/no), parental smoking at home (yes/no), -other people smoking at home (yes/no), -number of cigarettes smoked per day (0 vs. [1] [2] [3] [4] vs. ≥ 5 cigarettes), -child infancy in urban or rural environment, -number of years of living in this area, source of water and heating and lead-based pipes, -house built before 1970 (use of lead in painting:
yes/no), -closeness of house to incineration (≤ 100 m: yes/no), -child's intake of offal (less than one vs. one or more meals per month), -fish (fresh, frozen or canned: 0, at least once every 2 weeks, once a week, and ≥ 2 meals per week), and shellfish (less than 1 vs. 1 or more meals per month), -regular consumption of garden vegetables. The information obtained at the interview/examination is listed below:
Hence, we present here data on concentrations in blood of Pb (Pb-B), Cd (Cd-B) and Hg (Hg-B), a number of their determinants, and some sensitive biomarkers of their early renal effects; in children (6-12 years) from 3 areas in Fez city (Morocco): urban, industrial and rural. Strict control of analytical quality was performed and we believe this is the first study concerning the blood concentrations of Pb, Cd and Hg, at environmental level of exposure in Moroccan children with evaluation of determinants and some renal effects of this exposure.
MATERIAL AND METHODS

Study areas and subjects
The study was conducted from June 2007 to January 2008. Participants were selected randomly and a total of 209 school children (113 girls, 96 boys), sex ratio G/B: 1.17, aged 6-12 years, in three primary schools located in the Fez city (north of Morocco; Figure 1 : the map) were studied. The 3 schools were chosen in 3 areas of Fez city: urban (inner city in Bab Fettouh area), industrial (Sidi Brahim area) and rural (Laanoucer area). Since all children lived very close to their schools, the urban area is represented in this study by the school of Bab Fettouh (in the inner city) and children from homes located around it (less than 5 m away from the main street, but more than 5 km away from industrial plants), while the industrial area is represented by the Sidi Brahim school and homes located around it (about 1 km away from the main street, but about 500 m away from the industrial activities). The school of Laanoucer and homes located around it represented the rural area (located about 40 km away from Fez city, more than 5 km away from the main street and with no industrial activity). Therefore, the rural area is considered as the control area in terms of trace elements environmental exposure. The exclusion criteria were obesity, diabetes, puberty and living far from every school. Only one child per household could take part in the study. IJOMEH 2014;27(4) 644 Using this solution as a carrier/rinsing fluid, the samples were introduced in a segment-flow mode and analyzed in peak-jumping mode, 75 sweeps and 1 point per peak, 30 ms dwell time for 114 Cd and 118 Sn, 20 ms for 206, 207, 208 Pb (summed) and 10 ms for the internal standards 115 In, 205 Tl and 209 Bi. Interference corrections were made for 114 Cd for the spectral overlap of Sn. The detection limits for Cd and Pb, calculated as 3 times the standard deviation (SD) of the blank (based on all blanks in one analytical batch), varied slightly from day to day and equaled on average 0.01 μg/l (range: 0.01-0.04 μg/l) for Cd and 0.06 μg/l (range: 0.05-0.10 μg/l) for Pb. All samples were prepared in duplicate, and the method imprecision values (calculated as the coefficient of variation for all duplicate preparations measurements) were for Cd = 9.3% and Pb = 6.8%, with both preparations and analyses made pair wise. The analytical accuracy was checked against the reference material: for Seronom trace elements whole blood (Lot. MR4206, SERO AS, Billingstad, Norway), the results obtained were as follows: for Cd = 0.61±0.03 μg/l (mean (M) ± standard deviation (SD); N = 51; recommended: 0.68-0.80 μg/l), and for Pb = 26.7±1 μg/l (N = 21; recommended 26.2-29 μg/l). For human blood reference samples from the Centre de Toxicologie du Quebec, International Comparison Program, Quebec, Canada, the obtained value for Cd (Lot C0515) was 0.76±0.14 μg/l (N = 51; recommended 0.79±0.23 μg/l) and for Pb (Lot L0608) it was 31.8±1.1 μg/l (N = 21; recommended: 31.1±4.7 μg/l). Hg-B was determined in acid-digested samples by cold vapor atomic fluorescence spectrophotometry [19] . The detection limit was on average 0.07 μg/l (range: 0.03-0.13 μg/l). The method imprecision was 7.6%. The analytical accuracy for Hg in Seronorm trace elements whole blood (Lot. MR4206 and 0512627, SERO AS) was 2.1±0.15 μg/l (N = 115; recommended: 2-2.4 μg/l) and 15.7±1.3 μg/l (N = 115; -visits to a dentist during the last month (yes/no), -number of amalgam fillings, -daily use of chewing gum on amalgams (yes/no), -child's attempts to smoke.
Blood and urinary sampling
Biological samples were collected with the written permission of either a children's parent or the person responsible for them. A nurse took venous blood samples from the arm after cleaning it with an ethanol swab. We used plastic 4 ml lithium heparin tubes for sampling (GreinerBio One GmbH, Frickenhausen, Germany). The levels of all three metals in these tubes were below 0.03 μg/l at leaching tests with 4 ml of 2% nitric acid. All samples were stored in a freezer at −20°C directly after sampling, transported to the laboratory of Lund (Sweden) by means of DHL Society on dry ice and again stored at −20°C until trace elements analysis. After blood sampling, every child gave a urinary sample. These samples were directly transported to the laboratory of UCL-Louvain (Brussels) by means of DHL Society on dry ice and again stored at −20°C until analysis of urinary protein: albumin (Alb-U), retinol-binding protein (RBP-U) and creatinine (Creat-U). Due to the small volumes of some samples, not all biological parameters could be determined in all subjects. The exact numbers of samples that could be analyzed are indicated in the tables.
Chemical analyses
All trace elements analyses were carried out on whole blood within one year of collection at the Department of Occupational and Environmental Medicine, University Hospital, Lund, Sweden. B-Pb and B-Cd were determined by inductively coupled plasma mass spectrometry (ICP-MS; Thermo X7, Thermo Elemental, Winsford, UK). A sample volume of 250 μl was diluted 10 times with an alkaline solution [18] . IJOMEH 2014;27(4) 645 unbalanced numbers. Multiple comparisons of means and their classification are provided by the Duncan test whenever the analysis of variance revealed significant differences [21, 22] . Moreover, the analysis of the variability of heavy me tals and renal markers concentrations is complemented by a correlation analysis (Pearson's test) in order to quantify the relationship that may exist between the examined variables. A statistical analysis was carried out with the SAS statistical package. Geometric means were used for describing average levels, results are expressed as mean ± standard deviation, and statistical significance was set as p < 0.05.
RESULTS
The mean of blood lead levels (BLLs) in the whole population of children (N = 196) was 55.531 μg/l (range: 7.5-231.141 μg/l). In the urban area, the BLLs mean was much higher (N = 49, M±SD: 82.365±45.9 μg/l) than in the industrial area (N = 66, M±SD: 48.231±20.8 μg/l), which was also higher than the mean in the control area (rural area; N = 81, M±SD: 35.991±22.8 μg/l) with p < 0.0001 (results not shown in tables). We obtained relatively similar results after data analysis of boys and girls separately as can be seen in Tables 1 and 2 . No significant difference between boys and girls was noticed in various areas (Table 3 ). Figure 2 indicates that children with Pb-B above the Centre for Disease Control and Prevention's (CDC) level of concern (100 μg/l) [23] represented about 8% of the population (among whom about 75% lived in the urban area). Apart from the area of residence, BLLs were associated with passive smoking and infancy in an urban area (Table 4 ). The mean of blood cadmium levels (BCLs) in all children was 0.221 μg/l (range: 0.067-0.676 μg/l). There was no difference between various areas (Table 1 and 2). The only difference between boys and girls was in the rural area, where boys had a higher BCLs recommended: 16.1-19.7 μg/l). The authors express the concentrations as μg/l: -1 μg Cd/l = 0.0091 μmol/l, -1 μg Pb/l = 0.0050 μmol/l, -1 μg Hg/l = 0.0050 μmol/l. All analyses of a given urinary parameter were performed under similar experimental conditions within 6 months of collection at the Environmental and Industrial Toxicology Laboratory of the Catholic University of Louvain (UCLBrussels, Belgium). Albumin (Alb-U), and retinol-binding protein (RBP-U) in urine were quantified by latex immunoassay [20] and urinary creatinine (Creat-U) by the Jaffe method [16] .
ETHICS
The approval of the local ethics committee in the Moroccan Health Ministry (Centre Hospitalier Universitaire (CHU) Hassan II; Fez; Morocco) was obtained at the beginning of the study. Contact was established first with the school management and then with parents and children with questionnaires containing a written description of the study. A written consent was obtained from a parent of each child. An oral consent was obtained from each child before sampling.
STATISTICS
The statistical part of the study focused on the analysis of the variability in the concentrations of heavy metals: cadmium, mercury and lead, and those of kidney markers: urinary creatinine, albumin and RBP according to different parameters; such as the study area (urban, industrial or rural), sex (girls or boys), age, body mass index (BMI), amalgams. The rate variability of heavy metals and renal markers for different parameters of variation were studied by a multivariate analysis of variance performed by the GLM procedure of SAS software taking into consideration IJOMEH 2014;27(4) 
μg/l). The BMLs mean was higher in urban and
industrial areas than in the control area (Tables 1 and 2) with no gender-related difference (Table 3 ). The BMLs were associated with amalgam fillings and infancy in the urban area (Table 4) . Table 3 , the urinary albumin mean in these girls was high enough (36.643 μg/l) to be considered as microalbuminuria. These subtle effects mean than girls ( Table 3 ). As shown in Table 4 , BCLs were associated with the number of cigarettes smoked at children's homes. The mean of the blood mercury levels traffic-exhaust-induced air pollution for other groups of the Cairo population, such as children and pregnant women [25] . The mean of blood lead levels (Pb-B) in all children of our population was 55.531 μg/l (girls: 57.142 μg/l, boys: 53.954 μg/l). This BLLs mean is in accordance with the one found in 190 Egyptian school children of the same age range (62.2 μg/l) exposed to high traffic density around their school [26] , but it is lower in comparison with the mean reported by Mostafa GA in 2009 for 100 children from Cairo city (median: 90 μg/l, range: 30-280 μg/l). Such a high BLLs median, that can be related to high exposure of children to traffic exhausts in the mega city of Cairo, is however comparable to the BLLs mean that we found in the urban area (82.36 μg/l) [27] . The comparison of the BLLs mean of all children in this study with the means reported in other countries indicates that BLLs mean in our series is higher than the means reported recently in most Central Europe cities and in Canadian children with the same age range, with Pb-B means in girls from the inner city of Fez can be related to the high BLLs in these girls that had the highest BLLs mean in our population (89.451 μg/l) ( Table 1) .
DISCUSSION
Blood lead
In Morocco, there was just one study describing lead in hair of 327 school children living in a wastewater spreading field of Marrakesh city in the south of Morocco (1999) and it reported the mean of 14.8±4.5 μg/g in exposed children that was not significantly different from the mean obtained in the control area [24] . Few studies concern blood toxic metals environmental exposure in children in the neighboring countries. In Egypt, a study undertaken during the phase of leaded petrol in 126 traffic policemen in Cairo city reported a high mean of BLLs (292±75 μg/l) and a high hemoglobin concentration in the examined subjects in comparison with the control group. This occupational exposure indicated a potential risk from For the factor "Number of cigarettes smoked inside the child's home per day" -group I: "0", group II: "1-4", group III: "≥ 5 cigarettes". For other factors: group I: "yes"; group II: "no".
Other abbreviations as in Table 1 .
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650 control area (Table 1) , and so the girls from the industrial area could be more sensitive to the environmental lead exposure. Then, the effect of industrial emissions in our children, albeit present, remains small. Another observation is the relatively high BLLs mean in children from the rural area that suggests the implication of other determinants of exposure to lead. The use of leaded gasoline is a major cause of air pollution in urban areas [37] . In Morocco, surprisingly, the use of lead is limited, but it was still used in gasoline in the period when our study was performed (June 2007 -January 2008) [5] . Thus, the traffic exhausts in the urban area located in the inner city of Fez can partly explicate the high BLLs found in children from the urban area, while the relatively high BLLs in children from industrial area can partly be explained by exposure to lead from industrial emissions. The effect of these emissions on BLLs is weaker since they have generally been restricted during the last decade. The BLLs mean is low in the control area (rural area) that is located far from the traffic exhausts and the industrial emissions. Matheea et al. reported in a study undertaken in 2002 in 429 children (5-11 years old) that the introduction of unleaded petrol in South Africa (in 1996) produced significant reductions in the mean Pb-B concentrations among Cape Peninsula inner city children (from 160 to 64 μg/l) and in the proportion of children with elevated blood lead levels ≥ 100 μg/l (from 90% to 10%) just in six years after the start of Phasing Out Leaded Gasoline [38] . With respect to other lead exposure determinants (Table 4), children exposed to passive smoking had significantly elevated BLLs in comparison to children not exposed to tobacco smoke. The BLLs increased also with the number of cigarettes smoked at the child's home, but not in a significant way (p = 0.52). This can be explained by the low number of cigarettes smoked at the children's homes. The exposure to passive smoking can explain well the relatively high BLLs in children from the rural area that are exposed ranging between 10 μg/l and 20 μg/l [28] [29] [30] . Children with a BLLs mean above the Centre for Disease Control and Prevention's (CDC) level of concern (≥ 100 μg/l) [23] represented about 8% of the population (out of whom 75% lived in the urban area), this percentage is lower that the percentage reported in the studies on Egyptian children (25% and 43%, respectively) [26, 27] . About 30% of children had BLLs between 50 μg/l and 100 μg/l (out of whom about 50% lived in the urban area) (see Figure 2) . The absence of the gender-related influence on BLLs fits in with other studies in children [31] .
The mean of BLLs in the urban area (82.361 μg/l) is much higher than the means reported in French children (8-12 years old) exposed to non-ferrous smelters pollution and in children (8-11 years old) inhabiting French industrial areas (39.5 and 34.8, respectively) [32, 33] . It is also much higher than the BLLs means in urban areas in Canada (children aged 6-11 years, 10.2 μg/l) and in Brazil (children aged 6-8 years, 24 μg/l) [30, 34] . The BLLs in our series are however comparable to other studies in children exposed to roads with heavy traffic, e.g., studies conducted in India (children aged 3-12 years) and in Uruguay (children aged 2-14 years) cities reported BLLs of 93.2 μg/l and 94 μg/l, respectively [35, 36] . Interestingly, these studies reported the proximity to traffic as the main determinant of high BLLs in children.
Our findings concerning BLLs means in the 3 areas (Tables 1 and 2) indicate a great effect of exposure to traffic exhausts of highways on BLLs in girls and boys from the urban area (a significantly higher BLLs mean than the means in the industrial and control areas); in comparison with the effect of industrial emissions, that is absent in boys for whom no significant difference in the BLLs mean was found between the industrial and rural area ( Table 2) . Girls from the industrial area had a significantly higher BLLs mean than those living in the control area, but this can be attributed to the fact that the mean age of these girls was lower in the industrial area than in the IJOMEH 2014;27(4) 651 may be no threshold for the adverse consequences of lead exposure [48, 49] . In addition, Menke et al. (2006) found that BLL was significantly associated with both myocardial infarction and stroke mortality at BLLs > 20 μg/l, approximately 5-times lower than the recommended limit of CDC [50] . In this case, even the children having BLLs 30-50 μg/l, that represent about 40% of our population (Figure 2 ), especially those living in the urban area, are likely to suffer from adverse effects of lead exposure, particularly if the environmental exposure remains at this level.
As regards renal effects of lead exposure, as shown in Tables 1 and 2, none of the renal parameters studied showed any statistically significant difference between children in the 3 areas, either in girls or in boys. The influence of lead exposure on the renal parameters studied was further assessed by Pearson coefficient in all children (N = 164) that revealed a negative correlation between BLLs and the urinary creatinine concentrations (r = -0.174, p = 0.025). The urinary creatinine is not commonly used as the serum creatinine in evaluating lead renal effects, but this negative correlation at such a low level of exposure can indicate negative effects of environmental lead on the glomerular filtration rate in children, (evaluated generally with the creatinine clearance [51] ), particularly those with high BLLs. No correlations were found between BLLs either with urinary albumin (Alb-U) or with urinary RBP (RBP-U) (p = 0.589 and p = 0.064, respectively). However, a strong positive correlation was found between Alb-U and RBP-U (r = 0.361, p < 0.0001) indicating that glomerular and tubular alterations can occur simultaneously and may considerably affect the renal function in these children (particularly girls with high Alb-U levels). In addition, positive correlations were found between BLLs and BCLs (r = 0.207, p = 0.0035), between BLLs and BMLs (r = 0.348, p < 0.0001), and between BCLs and BMLs (r = 0.681, p < 0.0001). Mercury neither to heavy traffic nor to industrial emissions. A cigarette generally contains 0.6-17 μg of lead [39, 40] . Many studies showed that parents' smoking habits or passive smoking had an impact on children's BLLs [9, 41] . Willers et al. even found a dose-response relationship between the amount of tobacco smoked by the mother and BLLs of children [42] .
Another determinant of elevated BLLs in children was the infancy in an urban area, therefore, children that had spent their whole childhood in an urban area had higher BLLs (p = 0.006) than those who had just emigrated from the rural area to Fez city. This can mainly be explained by the exposure to traffic exhausts in the urban area and it can confirm our findings in this area.
The adverse health effects associated with elevated BLLs have been widely studied and documented. Children are particularly vulnerable to lead poisoning, even more than adults because they absorb more lead from their environments [43, 44] . The CDC considers lead poisoning as one of the most common preventable pediatric health problems involving mainly neurological effects in children with BLLs > 100 μg/l (0.5 μmol/dl) [23] . Therefore, about 8% of the children in our sample that have BLLs > 100 μg/l need a strict medical followup. Many reports have documented evident adverse effects of BLLs < 100 μg/l in children. Thus, children that have BLLs 50-100 μg/l (approximately 30% of children in our population particularly those living in the urban area; see Figure 2 ) are likely to suffer from neurocognitive and behavioral deleterious effects. It has been revealed that attention, executive functions, visualmotor reasoning skills (IQ scores), vestibular-propioceptive control, and social behavior are especially affected [45, 46] . For these reasons, the declaration of Brescia on metal neurotoxicity recommended that the B-Pb action level for children should be reduced to 50 μg/l in nations worldwide [47] . Furthermore, other findings suggest that there IJOMEH 2014;27(4) creatinine) ( Table 3 ). The American Diabetes Association (2004) [58] considers Alb-U ≥ 30 mg/g creatinine (microalbuminuria) as the earliest clinical evidence of chronic nephropathy in children. These effects in girls from the inner city of Fez can be related to the high BLLs in these girls that had the highest BLLs mean in our population (89.451 μg/l) and among whom we noticed the highest Pb-B value in our series (231.141 μg/l). Therefore, even a low environmental level of lead exposure in children can cause subtle effects in children without clear evidence of a threshold. These findings obtained for the first time in Morocco reinforce the need to control and regulate potential sources of contamination by this trace element. The situation in Fez city indicates the real need to undertake preventive actions for the protection of children from passive smoking; even at home, and governmental actions involving firstly the elimination of any leaded petrol in Morocco (officially used or in the black market).
Blood cadmium
The mean of blood cadmium levels (BCLs) in all children was 0.221 μg/l (girls: 0.212 μg/l, boys: 0.221 μg/l). The BCLs means were lower than those reported in 103 primary school children (6-12 years old) in Cairo city (1.34 μg/l) [59] and proved to be lower also in comparison with the means in French, Canadian an Chinese children living in urban areas (0.48 μg/l, 0.35 μg/l and 0.69 μg/l, respectively) [32, 53, 60] , but they are somehow elevated in comparison with the BCLs means in children from many urban areas in Central Europe cities [28, [61] [62] [63] [64] .
As shown in Table 1 and 2, boys and girls from the 3 areas have very close BCLs means with no significant differences between various areas. This finding demonstrates the limited impact of industrial emissions on BCLs in Fez city. This is in accordance with previous literature demonstrating that the residential area was found not to be a variable, which can affect BCLs [65] [66] [67] .
was observed to increase the toxic effects of lead on the glomerular filtration function and to potentiate cadmium effects on the renal tubular function. On the other hand, lead and cadmium had some competitive effects [52] . These strong positive correlations found between the trace elements studied in our population indicate eventual interactions between them. This can probably increase lead toxic effects in children even at a low environmental level of exposure.
No correlations between trace elements and renal markers were found after data analysis of every area separately. In order to further analyze possible renal effects of lead exposure in children, we checked for any correlations between renal markers and BLLs within the smaller subgroups of children with high BLLs (above 50 μg/l, 70 μg/l and 100 μg/1), but no correlation was detected in these subgroups. This finding was in accordance with other studies describing renal biomarker anomalies in children at a low level of environmental exposure to lead [32, 15] . Nevertheless, when we further analyzed the outcomes concerning BLLs effects on physical development of children, the only results found significant concerned girls from the urban area (N = 25) that had the highest BLLs mean in our population (89.451 μg/l) ( Table 1) , and for whom BLLs were negatively correlated with height (r = -0.425, p = 0.034) and even negatively correlated with weight, but without clear significance (r = -0.369, p = 0.069). Yang et al. (2012) [53] reported the same finding in Chinese children (3-8 years of age; BLLs mean: 73 μg/l) exposed to electronic waste. It has been known that lead affects negatively the physical development of children by blocking the absorption of calcium, iron and other elements, and inhibiting the synthesis and utilization of some hormones [54, 55] . Many studies also showed that high BLLs had a negative correlation with children's stature [56, 57] . Another remarkable finding in girls from the inner city area was the high mean of urinary albumin (36.643 mg/g IJOMEH 2014;27(4) 653 that produce renal damage in the kidney were too high and that the tolerated cadmium limit defined should be lower [72, 73] . In this study, none of the renal parameters studied showed any statistically significant differences between the 3 areas, either in girls or in boys (Tables 1 and 2) and no correlation was found between BCLs and the studied renal markers concentrations. This finding is in agreement with the results reported by de Burbure et al., conducted in French and Czech 8-12-yearolds with low BCLs (0.48 and 0.23 μg/l, respectively) [32, 52] , and it is also in agreement with the findings in Egyptian children with a relatively high cadmium level (1.34 μg/l) with no effects of this level on α-1-microglobulinuria, suggesting a subclinical renal effect after several years of cumulative exposure in children [59] . Moreover, Cikrt et al. did not find any relationships between Cd-B and Alb-U or RBP-U in adults even with BCLs above 1 μg/l [74] .
Total blood mercury
Very few studies concern blood mercury environmental exposure in children in the neighboring countries. In Egypt, El-baz et al. reported a highly significant increase in the mean hair mercury level in autistic children compared to the control group (0.79±0.51 vs. 0.12±0.086 ppm, respectively) (p < 0.001), with a mild increase in the mercury level in children with maternal history of dental amalgam fillings and high fish consumption during pregnancy [75] . These interesting findings suggest that biological damage from mercury as a neurotoxic substance, besides genetic susceptibility in the form of reduced ability to excrete mercury and/or increased environmental exposure at key times in development, may play a causal role in autism. The blood mercury levels (BMLs) mean in the whole population of children was 0.491 μg/l (girls: 0.535 μg/l, boys: 0.431 μg/l). This mean is in parity with previous studies in children from urban areas in Croatia (0.44 μg/l), Slovakia (0.52 μg/l), Sweden (0.43 μg/l) [28] and the Czech Republic (0.42 μg/l and 0.46 μg/l) [61, 62] , but it is higher
The only effect of gender was noticed in the rural area, where boys had a higher BCLs mean than girls (Table 3) . This finding is in agreement with some previous studies reporting that boys tend to have a higher uptake of environmental heavy metals than girls, principally due to behavioral differences [68] . Another factor that can explain this difference related to gender is shown in Table 4 ; as the BCLs in children increase with the increasing number of cigarettes smoked at home. This effect of passive smoking was also reported in Cairene (Egypt) children (aged from 6 to 12) environmentally exposed to cadmium [59] . In Morocco, boys in the same range of age studied in our study are more accustomed to be with their fathers-smokers or other mensmokers smoking at home (smoking mothers are not common in Morocco) than girls, and thus they are more exposed to passive smoking. This gender-induced effect was found just in the rural area probably due to the low education level. Men-smokers in the rural areas smoke usually in the presence of boys, while girls are less exposed to this passive smoking (due to social traditions). Table 4 indicates also that there was no significant difference (p = 0.343) between BCLs means in children exposed and non-exposed to parental smoking. This result can be explained by the low number of cigarettes smoked at children's homes. A cigarette contains generally 1-2 μg of cadmium [39, 40] . Shaham et al. reported in 1996 that exposure to cigarette smoke via passive or active smoking was able to increase the BCL by an average of 0.01 μg/100 ml and this impact is greater whenever the amount of tobacco smoke increases (increasing number of cigarettes smoked per day) [69] . Long-term exposure to Cd is able to cause considerable kidney and bone damage -particularly tubular proteinuria -and low bone mineral density [70] . Although the threshold value of BCLs beyond 5 μg/l was reported as a risk of intoxication [65, 71] , recent studies have suggested that estimates of levels of cadmium in the body IJOMEH 2014;27(4) 654 girls or in boys (Tables 1 and 2 ) and no correlation was found between BMLs and the renal parameters indicating a limited impact of Hg-B exposure on renal function in children in the light of renal markers used. However, all the present BMLs are much lower than those suspected to cause health effects (> 20 μg/l) [77] since the highest value of Hg-B in our series is 5.313 μg/l and most children had Hg-B below 1 μg/l.
CONCLUSION
There are few environmental studies concerning the impact of low environmental exposure to lead, cadmium and mercury, especially in children who are considered to be more sensitive to adverse effects of trace elements than adults. In Fez city (north of Morocco), this is the first study with a strict control of analytical quality concerning blood concentrations of Pb, Cd and Hg in children, at low environmental level of exposure, and evaluation of some determinants and some early renal effects of this exposure. This study showed high BLLs in children -especially those from the inner city. BLLs were associated with traffic exhausts (in particular with the still present use of leaded petrol), passive smoking and infancy in an urban area. Renal and developmental effects of lead exposure noticed in children (particularly in girls from the inner city) are suspected to cause several health problems later in life. About 8% of children in our population need a strict medical follow-up (BLLs ≥ 100 μg/l) and some nutritional interventions can be undertaken to reduce lead absorption and to provide an adequate amount of calcium in children's diets, as calcium has been found to decrease the intestinal absorption of lead [78] .
Further studies with large cohorts and other renal markers in different areas of Morocco have to be conducted to reduce the lack of data concerning the impact of low environmental level of exposure to Pb, Cd and Hg in than BMLs means in children from Poland (0.12 μg/l) [28] and from the US (0.33 μg/l) [76] . Moreover, no sex-related differences were observed in different areas (Table 3) , this absence of the gender influence on BMLs fits in with other studies in children [52, 61, 62] . As shown in Tables 1 and 2 , children from urban and industrial areas had higher BMLs means than the mean recorded for children from the rural area, both in girls and in boys. Environmental exposure to mercury (Hg) comes mainly from fish intake and dental amalgam fillings [4] . Nevertheless, fish intake of children is low and cannot explain this difference. About 79.2% of children in the industrial area consume just one fish meal every two weeks, and the percentages noticed in children from the urban and rural areas are close (41.41% and 40.79%, respectively) (results not shown in tables). The use of amalgam fillings can however better explain this difference, as 10% and 14% of children in the urban and industrial areas, respectively, have amalgams, but no amalgams use was noticed in rural children (0%; results not shown in tables). Moreover, as can be seen in Table 3 , in spite of the infrequent use of dental amalgam fillings in our population and the low BMLs means found, the well known [4] determinant of elemental Hg was present as children with amalgams had a significantly (p = 0.0004) higher BMLs mean than children without amalgam fillings. The infancy in the urban environment was another determinant of exposure to Hg-B, thus children that spent their whole childhood in the urban area had a significantly (p = 0.002) higher BMLs mean than children who had migrated from a rural area to the Fez city. This finding can be partly explained by the abundance of fish and the easy access to it and to dental care (including amalgam fillings) in the urban and industrial areas compared to the rural area (due to economic factors). None of the renal markers studied showed any statistically significant difference between the 3 areas, either in children. BCLs were associated with the number of cigarettes smoked at children's homes. Although these BCLs were relatively low, the situation is far from comforting in Fez city, because Cd accumulates in the body over time, therefore, even the low levels observed in children now may result in high concentrations in kidneys in the elderly (especially in girls), in particular if exposure remains constant at this level.
In spite of the low levels, BMLs displayed associations with amalgam fillings and infancy in the urban area. BMLs are much lower than those suspected to cause health effects due to low intake of fish and infrequent use of amalgam fillings in children in our population. These findings obtained for the first time in Morocco reinforce the need to control and regulate potential sources of contamination by these trace elements. This disturbing situation highlights the real need to undertake preventive actions for the protection of children from passive smoking, even at home, and governmental actions involving firstly the elimination of any leaded petrol in Morocco (used officially or in the black market).
